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ABSTRACT 
The surface polysaccharides of Rhizobium are implicated in the 
symbiotic process. The composition of the surface polysaccharides from 
two strains of Rhizobium �ponicum, 1110 ARS and 61A76 str, have been com­
pared. Five polysaccharide fractions are obtained from the 1110 ARS 
strain. They are the EPS (ext racell u l ar polysaccharide) , CPS-1 and CPS-2 
(capsular polysaccharide fractions), LPS (lipopolysaccharide) and Phe 
(polysaccharide foand in the phenol l ayer from the phenol/water extrac­
tion). These polysaccharide fractions have identical sugar compositions. 
Four polysaccharide fractions are obtained from the 61A76 str strain. 
These are the EPS, CPS- 1 ,  SmPS (small mol ecular weight polysaccharide) , 
an d Phe. Each of these polysaccharide fractions has a different sugar 
composition. The 61A76 str strain does not have a CPS-2 or an LPS frac­
tion. These results show that the 1 1 1 0  ARS and 61A76 str strains are not 
cl osely related in their surface polysaccharides. However, one similarity 
is found bet ween the two strains. The compositions of the CPS- 1 frac­
tions from both strains are qualitat ively similar. This similarity may 
expl ain why both str ains are able to infect soybean plants. Neither of 
the R .  japonicum strains appears to have a typical LPS. The 1 1 10 ARS 
strain possesses an LPS fraction, however, upon analysis it was found that 
it cont ained a very l ow amount, 0 .02%, of KOO and it is not affected by 
mi l d  acid t reatment. In a normal LPS, KDO makes up 3-5% of the total mass 
and treatment wi th a mild acid causes hydrolysis of the bond between the 
ii 
lipid and the polysaccharide. The 61A76 str. strain does not possess 
a polysaccharide fraction which elutes from a Sepharose 48 column where 
a typical LPS elutes. 
These surface polysaccharides may interact with proteins on the 
surface of the soybean root. Attempts were also made at isolating 
these protein molecules using root protein fractions and an EPS-acryl­
amide affinity column. About 9% of two protein fractions, the surface 
and membrane proteins, was found to bind to the column. Attempts to 
release the bound material proved to be ineffective. All of these re­
sults are discussed with regard to their role in the R .  japonicurn­
soybean symbiosis. 
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INTRODUCTION 
The infection of a bacterium into a specific host has been studied 
for a number of systems. Specific structures on the bacterial surface 
have b een found to b e  responsible for the infection. Research done on 
E_. coli and Salmonella has shown that a surface molecule, the l ipopoly­
saccharide (LPS), is responsib l e  for the specificity of infection. 1 In 
certain pathogens, it appears as though both the extracell ular poly­
saccharide (EPS) and the lipopolysaccharide (LPS) are involved. 2 Because 
of this involvement, other Gram negative bacteria are b eing studied to 
see if the carbohydrate molecules on their surface are involved in the 
determination of the specificity of infection. One such bacterium 
genus is R hizobium. Its infection of legume pl ants produces a symb iotic 
relationship in which the bacterium acquires the ability to reduce nitro­
gen gas to ammonia. Upon infection, the bacteria go through several 
changes which lead to the bacteria reducing nitrogen gas and transporting 
the ammonia out into the plant cells. This anunonia production decreases 
the amount of synthetic ammonia needed by the plant for growth. A better 
understanding of the symb iotic process is needed in order to produce a 
more effective relationship b etween the b acteria and the plant. 
The symbiotic process has several steps. The first is the attach­
ment of the bacteria to the root hair. After attachment, the root hair 
curl s around the bacteria. An infection thread forms which allows the 
bacteria to invade the inner cortex of the root. The bacteria are then 
released from the infection thread, multiply in number and form nodules 
1 
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on the root . During the invasion, the bacteria go through a transforma-
tion into a bacteroid. A bacteroid has an altered cell wall and is the 
only form which wil l reduce nitrogen gas. This infection is also species 
specific . Rhizobium japonicum, which infects soybean plants, wil l not 
infect other legumes such as clover, pea, or alfalfa. By determining 
the composition and structure of the surface polysaccharides from several 
strains of R. japonicum and by comparing them to strains of a different 
species ,  clues as to which molecules might be involved in the specificity 
can be found. 
Compositions of the EPS for some species are known. The EPS from 
slow growing bacteria such as R. japonicum exhibit a great variability 
in their composition . Complete structures are known only for a few 
strains. However, this information suggests that since the EPS is highly 
variabl e ,  it is unlikely that it is responsible for the specificity of 
infection. It is,  however, essential for infection since strains which 
lack EPS are usua l ly unable  to infect. The location of acetyl groups in 
the EPS structures have not yet been determined. It is possible that 
these groups may be the site of interaction between the bacteria and 
the root surface.  Until the complete structure of the EPS is known, its 
involvement in specificity cannot be eliminated. 
3 Previous work by Bauer at the Charles Kettering Institute indicates 
that another surface molecule, the capsular polysaccharide (CPS) , is in-
volved. Its role in infection, however, is not known. At the present 
time neither the composition nor a structure of the LPS for Rhizobium 
japonicum has been reported. By isolating and analyzing these different 
surface polysaccharides from several strains of R. japonicum, we can 
determine if some similarity exists in composition or structure. This 
similarity must not only be found in a l l  strains of R. japonicum, but it 
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must also be absent in other species of Rhizobium. If these surface 
molecules determine which bacteria can infect and which cannot, they 
·� 
rust be present in all  infective bacteria. Any bacteria wh.ich do not 
possess them would be unable to infect .  
These bacterial surface molecules interact with specific molecules 
on the surface of the root . The initial recognition of the bacteria by 
. the root is the beginning of the infection pr�cess .  It  has been found 
that the attachement of the bacteria to the root hair is the first step 
of the infection. The EPS is involved in this attachment ,  but it may 
or may not be a specific response. To isolate the root molecules which 
are responsible for the b inding of the EPS, affinity chromatogr�phy can 
be used. After attaching the EPS to a solid support , such as polyacryl­
amide or  P-150, protein fractions isolated from different parts of  the 
root can be applied to the colunm. By label ing the proteins with 
fluorescein , the amount of binding can be detected by a decrease in the 
amount of fluorescence in the eluent . I f  less fluorescence elutes from 
the column than was applied, some protein must have bound. Depending 
upon the type of interaction between the protein and the EPS, the bound 
material may be released either by a hapten , NaCl solution or ethylene­
diaminetetraacetic acid (EDTA) . The released material can then be 
analyzed and characterized. Exactly what part of the EPS is involved 
in the initia1 recognition is  not known. After determining the complete 
structure of the EPS and isolating the binding protein from the root , 
perhaps the molecular basis for the initial attachment can be found.  
Tilis paper will discuss the isolation and analysis of  the different 
surface polysaccharides from two strains of Rhizobium japonicum, which 
are IllOARS and 61A76 str. It  will also discuss the attempts to isolate 
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the molecules from the soybean root which are responsible for the binding 
of the EPS from the lllOARS strain. 
EXPERIMENTAL 
I .  Isolation and analysis of surface polysaccharides of Rhizobium 
japonicum. 
Two strains of R. japonicum, 1110 ARS and 61A76 str, were grown in 
50 mLs of yeast extract manitol (YEM) media in 150 mL flasks. The media 
was prepared from 0 . 5g/L K2HP04 , 0 . 2g/L MgS04•7H20,  O. lg/L NaCl, 5g/L 
mannitol ,  5 . 0g/L sodium gluconate ,  O .�g/I. yeast extract . The pH was ad-
justed to 6 .8-7 .0  using 6N HCl .  The media was autoclaved at 121°C for a 
length determined by the volume being steri l i zed. The culture was grown 
in a shaker bath at 30°C, until it reached stationary phase , which takes 
about one week. At stationary phase> an absorbance reading of the culture 
was taken at 620nm. An aliquot of the culture was added to a 12 l iter 
bottle of YEM media so that there was about one absorbance unit per 100 mL 
of media. The absorbance was taken twice a day from the 12 liter bottle.  
From these values a growth curve was plotted (see Figure 5 ) .  When the 
curve leveled off at stationary phase , the bacteria were harvested by 
centrifugation at 10,000g for 20 minutes using a Sorval SS-3 centrifuge . 
If the bacteria would not pel let,  it was ultracentrifuged for 30 minutes 
at 27,000g using a Beckman L3-SO ultracentrifuge . The supernatant was 
decanted off from the bacterial pel let.  The supernatant was concentrated 
by rotary evaporation under reduced pressure . After concentrating it, 
the supernatant was mixed with ethanol in a 1:3 ratio (media to ethanol ) .  
This precipitated � the extracel lular polysaccharide (EPS) . 
Using the method of Bauer,3 the bacteria were washed three t imes in 
. a sal ine solution. 111e saline solution consisted of 0.43g/L KH2Po4 , 
5 
� 
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7 . 2g/L NaCl, 1.6 8g/L Na2HP04 . This procedure removes the capsular poly­
saccharide (CPS) . After centrifuging and concentrating, the wash solution 
was mixed with ethanol in a 1 : 3 ratio to precipitate out the CPS. Both 
the precipitated EPS and CPS were centrifuged at 1 0,000g for 1 0  minutes. 
Th.e ethanol was decanted off, and the pellet was dissolved in deio nized 
water. Th.ey were dialyzed against deionized water and freeze dried and 
weighed. 
Th.e bacteria were weighed to determine the wet weight obtained from 
the 12 liters. To isolate the lipopolysaccharide (LPS) from the cell 
wall, a hot water/phenol extraction was done. Th.is procedure followed 
the method of R. Carlson, R. E. Sanders, C .  Napoli, and P. Albersheim. 4 
The bacteria were mixed with deionized water to make a total volume of 
100 mL and heated in a hot water bath to 65°C. To this mixture 1 00 mL 
of 65°C phenol (90%) was added. Th.e mixture was stirred for 1 5  minutes, 
and the temperature was kept at 65°C. The solution was then cooled on 
ice for 15 minutes, followed by centrifugation at 15,000 rpm for 2 0  
minutes. The top layer, water, was removed and saved. Another 100 mL 
of 65°C water was added to the phenol layer. Th.e same procedure as above 
was followed. The two water layers were combined, dialyzed and put on a 
Dowcx ion exchange colunm. Th.is was done to remove some of the charged 
material from the water layer. Th.e amount of hexose put on the column 
was determined by the anthrone colorimetric assay. 5 By assaying the 
fractions which came off the column for hexose, the amount of material 
bound could be determined. The fractions containing hexose were pooled 
and then subj ected to O . lmL of a 1 . 0  mg/mL DNase-RNase solution per 100 mL. 
This treatment was done overnight to hydrolyze any nucleic acids which 
were present in the water layer. Th.e solution was then dialyzed and freeze 
dried. Any material which bound to the Dowex column was eluted with a 
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NaCl solution, dialyzed and freeze dried. Instead of discarding the 
phenol layer, it was dialyzed extensively against deionized water and 
then freeze dried. Each of these polysaccharides were weighed to deter­
mine the yields. 
About SO mg of the water layer material was dissolved in 10 mL of 
a buffer which contained 30 g/L of ethylene diamine tetraacetate (EDTA) 
and 30g/L triethyleneamine (TEA). The buffer was degassed before use. 
To completely dissolve the polysaccharide, the solution needed to be 
stirred for one hour. After centrifuging to remove any undissolved 
material, the solution was put on a Sepharose 48 column. Using the 
EDTA/TEA buffer on the column, SmL fractions were collected at a rate of 
one drop every 10-15 seconds. The fractions were assayed for hexose,
5 
uronic acids,
6 
and 2-keto-3-deoxy-octonic acid (KD0).7 The same procedure 
was done on the phenol layer material, the EPS and the CPS-1 fractions. 
Any material which pelleted out during centrifugation was assayed for 
hexose an<l protein. If an appreciable amount of hexose was found in the 
pellet, it was kept for further analysis. 
From a Sepha·rose 48 column, three polysaccharide fractions are 
possjblc. The largest molecular weight polysaccharide elutes at the 
void volume. Thjs fraction is called the CPS-2. This polysaccharide 
is too large to interact with the beads of the colUilUl, and so it goes 
directly through. The smallest polysaccharide elutes at the included 
volume. This polysaccharide is small enough that it interacts with the 
beads as much as possible. This fraction is called the SmPS or small 
polysaccharidc. Polysaccharides which elute at a partially included 
volume interact with the beads in varying amounts, depending on their 
size. The larger they are, the less they interact with the column beads. 
The LPS fraction elutes in the partially included volume. All of the 
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peaks from the 4B column were dialyzed and freeze dried. The EPS and 9fractions were also applied to the colunm to de.termine if there 
were several polysaccharides of varying sizes in these fractions. 
Any polysaccharide which eluted at a partially included volume from 
the water layer material was subjected to mild acid hydrolysis. This was 
done in a 1 %  acetic acid solution at 1 00°C for one hour. The released 
lipid was extracted three times using 500 µL of chloroform each time. 
The combined chloroform layers were blown dry under a stream of filtered 
air and weighed to determine the amount of lipid present. The water layer 
from the chloroform/water extraction, which contains the released poly-
saccharide, was freeze dried. This freeze dried material was dissolved 
in 500 µL of a buffer and applied to a Sephadex G-50 gel filtration 
column. The buffer contained 1 0  mL of glacial acetic acid and 4 mL of 
pyridine per liter of buffer . Fractions of one mL were collected from 
the column and assayed for hexose and uronic acids. I f  the polysaccharide 
was of a molecular weight of more than 12, 000, it would elute from the 
G-50 column at the voi<l volume. Because the G-50 column sized for too 
small of a roolecular weight, the polysaccharide was applied to a Sepharose 
48 column. This col umn sizes for a molecular wei9.ht of five million or 
less. The acetic acid and pyridine buffer was used on this column, also . 
One mL fractions were collected and assayed for hexose and uronic acids. 
Figure 1 shows the overall isolation scheme of the different polysaccharide 
fractions. 
Quantitative assays for hexose, uronic acids, KOO, hexosamines, 8'9 
and protein10 were done on all the polysaccharide fraction s. This in-
eluded any peaks from the 4B columns and any indissoluble material from 
the fractions which contained an appreciable amount of hexose. Taking 
enough of each polysaccharide fraction, which corresponded to about 200 
9 
µg of hexose, an acetylation was done. This involves the hydrolysis of. 
the polysaccharide in 2 N trifloroacetic acid, reduction with NaBH4 in .. , 
l N NH4 0H and acetylation with acetic anhydride and pyridin.e. 
1 1  An in­
ternal standard of inositol was used along with running a set of standard 
sugars at the same time. The acetylated sugars were analyzed by gas 
liquid chromatography. The amount of each sugar present in the sample was 
determined from the GC trace. Samples which contained sugars not found 
in the standards were sent elsewhere to b e  analyzed by gas chromatography/ 
mass spectrometry . 
The acidic sugars in the samples can not be identified or quantitated 
using the above method. The uro nic acids must first be reduced and then· 
acetylated. Using the method of Taylor and Conrad, 1 2  the polysaccharides 
were reduced using NaBH4. This reduction changes the C-6 carboxylic 
acid group of uro nic acid to an alcohol. The sugar can th en be acetylated 
and analyzed by gas chromatography . By comparing the amount of each 
sugar in a sample before and after reduction, the uronic acids can be 
identified. After the reduction there will be an increase in the amount 
of the sugars which were in the acidic form. The uronic acids were 
identified in th is manner for all the fractions. 
To determine if any lipid material is present in the different poly-
saccharide fractions, a fatty acid analysis was done. The polysaccharide 
fraction was first hydrolyzed in SOOµL of 4N HCl at 1 00°C for 2 hours. 
This was followed by treatment with 1 mL of 4 N NaOH at 100°C for 2 hours. 
Hydrolysis using just the acidic conditions causes condensation of 
hydroxy fatty acids, making identification impossible. The basic treat� 
ment hydrolyzes these, releasing free fatty acids. 1 3  After hydrolysis, 
the solution was acidified using 6 N HCl. The hydrolyzed material was 
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then extracted three times using one mL o f  chloroform. The chloroform 
l�yers were combined and blown dry under filtered air. 
In order for the fatty acids to be analyzed by gas-liquid chroma-
tography, the methyl esters were made. This was done using the method 
14 o f  Rietschel, Gottert, LJderitz, and Westphal. The fatty acids in 
500 µL o f  BF3 , 10% in methanol, were boiled for two minutes. After 
cooling to room temperature, 500 µL o f  deionized water was added. The 
fatty acid methyl esters were extracted t�ree times, using one mL o f  
petroleum ether each time. The petroleum ether was evaporated by blowing 
filtered air over the sample. The methyl esters were dissolved i n  hexane 
and analyzed by gas chromatography, using a Varian-Aerograph series 2800 
equipped with a flame ionization detector and the column was packed with 
3% SP 2100 DOH on 100/120 supelcoport. As standards, 100 µg of !auric 
acid cc1 2), myristic acid (C14) ,  palmitic acid (C16) and stearic acid 
cc1 8) were used. For an internal standard, SO µg o f  arachidic acid (C20) 
was added to each sample. By comparing the retention times, any of the 
standard fatty acids which were present in the samples could be identified. 
To quantitate the fatty acids present in the samples, the areas o f  each 
peak on the GC traces were calcul ated. This was also done fo r the standard 
fatty �cids. Taki ng the area o f  each peak (As) and dividing it by the 
area o f  the internal standard (A. ), arachidic acid, a ratio for each 
lS 
fatty acid was cal culated. The ratio from the sample GC trace was then 
divided by the ratid of the corresponding fatty acid (A /A . ) stand stand i.s.  
on the standard GC trace. Since there was 100 µg o f  each fatty acid in 
the standard, these values were multiplied by 100 µg to determine the a-
mount in micrograms of each fatty acid present in the sample . The general 
formul a used for calculating the amount o f  each fatty acid present in the 
samples is given below. 
1 1  
f f A I A. amount o atty 
=
 �
�
�-s-��-1_ . _s_ ·��-
acid in sample A I A stand stand i . s .  
x 100 µgs · 
If the peak from the sample was not one of the standard fatty acids, the 
ratio of its area to the area of arachidic acid peak was divided by the 
ratio of the standard fatty acid closest to it in retention time. 
1 2  
II. The Isolation of molecules, which are responsib l e  for the b inding · 
of the EPS from Rhizobium japonicum strGtin IllOARS, in soybean roots 
Soybean seeds were surface steril ized in a 20% chlorox solution. 
They were grown in sterilized vermiculite for about two weeks. The sprouts 
were removed, and the roots were cut off at the point where root hairs 
begin to emerge. The overall isolation scheme of the different protein 
fractions from soybean roots is shown in figure 2. The roots were first 
put in a saline wash solution which contained 0 . 1  M galactose. The mix-
ture was stirred for 30 minutes and then strained through a doub l e  layer 
of muslin. The solutio n  was then dialyzed and freeze dried. The roots 
were put into an equivalent amount of a solution of SOmM tris, 0 . 2  M 
galactose and S0111M MgC1 2 a t  a pH of 7.6.
15 The roots were homogenized 
in a b lender and squeezed through a doub l e  layer of muslin. The homo� 
genate was then centrifuged, using a Sorval SS-3 centrifuge at l, OOOg for 
10 minutes at 40°C. This removed the cell wal l  materia l .  The supernatant 
wa s ul tracentrifuged, using a Beckman L3-SO, for 90 minutes at 100, 000g 
and 4°C. The supernatant was dialyzed and freeze dried. It contained 
the soluble cellular proteins. The pellet from the ul tracentrifugation, 
which contains the membranes, was sonicat:ed in a 0 . 5 % Triton X�lOO solu-
tion. This solution also contained 10 mM tris, 0 . 1  M lactose and SrnM MgC12 
at a pH of 7 . 0 .  After sonication for one hour, the solution was ultra-
centrifuged a t  100,000g for 60 minutes a t  4°C. The supernatant was 
removed, dialyzed extensively against deionized water to remove the 
T�iton X-100, and freeze dried. Each of the protein fractions was labeled 
with fluorescein, using the method of Udenfriend. 16 
An affinity column was made using the EPS from the IllOARS strain. 
The EPS from the mid-exponential phase o f  growth was used. The EPS from 
this phase of growth was used because as the cul ture ages, less b inding 
1 3  
to the soybean root is seen. At the mid-exponential phase, the largest-
amount of binding is found. The columns were constructed using two 
different methods. The first used aminoethylated P- 150 gel . This was 
h h d f I d D. . 1 7  produced using t e met o o nman an 1ntz1s. The P-150 gel was 
reacted with anhydrous ethylenediamine at a rate of 20 mL per gram of gel . 
The amount of uronic acids in the EPS was determined by the m-hydroxy 
biphenyl colorimetric assay. 6 Enough EPS was used to produce 500 micro­
moles of uronic acids. Using the method of Lonngren and Goldstein, 18 
The EPS was attached to the aminoethylated P-150 gel through the uronic 
acid residues. After quenching the reaction with 1 M sodium acetate, 
the gel was centrifuged. The supernatant was assayed for uronic acids. 
The gel was washed three times in deionized water, and the washes were 
also assayed for uronic acids. By determining the amount of uronic acids 
in the original supernatant and the washes and subtracting this amount 
from the total moles or uronic acids tha t were started with, the amount 
of uronic acids which attached to the gel was determined. 
The second gel wa s prepared using the method of Horlsberger. 1 9  The 
EPS, acrylamide and bis acrylamide were mixed together in a buffer which 
contained a catal yst, ammonium persulfate. The gel was polymerized a t  
room temperature for two days. It was pushed through a forty mesh sieve 
and then washed in a 0.01 M Na3Po4 buffer. The amount of hexose in the 
wash solution was determined by the anthrone col orimetric assay. Knowing 
the amount of hexose in the wash sol ution, the amount trapped by the 
polymerization wa s calculated. 
Both types of gels were poured into columns and washed with a buffer 
which contained 0 . 0 1  M Na 3Po4 and 0 . 1 5  M NaCl . About SO mg of the different 
fl uorescein labeled protein fractions were dissolved in the buffer. One 
half of a mL was removed from the protein solution, and the remainder was 
, 
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applied to the coluilUl. TI1e amount of flourescence was determined in the 
0 . 5  mL sample using an Aminco-Bowman Spectrophotofluorometer. The amount 
of fluorescence applied to the colu111  was calculated from this value. 
Since the exact volume of the protein solution added to the column was 
known, the amount of fluorescence it contained was calculated. One mL 
fractions were collected from the colunm, and each fraction was assayed 
for fluorescence. If less fluorescence was seen in the fractions than 
what was applied to the coluilUl, some o f  the protein material nust have 
bound. Several methods were employed to remove bound material from the 
colunm. These methods included a hapten, 0. 1 M galactose; 0 . 1  M NaCl 
solution; and 0. 1 M ethylenediaminetetraacetic acid (EDTA) i n  0 . 02 M 
Na21wo4. The amount of fluorescence released from the column was found 
as described above. 
RESULTS 
l. The surface pol ysaccharides from Rhizobium j aponicum strains 11 10 ARS 
and 61A76 str. 
Yields 
The amounts o f  the different polysaccharide fractions o btained 
from the 11 1 0  ARS and 61A76 str strains are shown in Tabl e I. The same 
polysaccharide fractions are not found in 'both strains. The water layer 
material from the 1 1 1 0  ARS strain produces the profile on a Sepharose 48 
co lumn shown in figure 3.  The water layer material produces two peaks: 
one near the void volume, the CPS-2 fraction; and one at a partially in-
eluded volume, the LPS fraction. The second peak may or may not contain 
an LPS; however, it was called the LPS fraction since the LPS fro m many 
other Rhizobiun species elute at this point from the 48 column. 4 The 
water layer material fro m the 61A76 str strain produces only one peak on 
the Sepharo se 48 column. Figure 4 show .t hat the peak is at the included 
vol ume which indi�atcs a sma l l  molecular weight. Upon dialyzing this peak, 
all the pol ysaccharide material dial yzed out o f  the tubing. The pores in 
the dial ysis tubing a l low pol ysaccharides o f  a molecular weight of 1 2 , 000 
or less to pass through the tubing. Therefore, the included volume poly-
saccharide has a molecular weight of 1 2 , 000 or less. Since the water 
layer material gives only the sma l l  polysaccharide o n  the 48 column, 
anal ysis was done directly on the water layer material. This material 
was called the SmPS. Comparing the fractions isolated from the two 
strains shows that the 61A76 str strain lacks both the CPS-2 fraction 
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and the LPS fraction. The 1 1 10 ARS has the CPS2 fraction and the LPS 
fraction but lacks the SmPS. 
The 1110 ARS polysaccharides 
A growth curve for the 1 1 10 ARS strain is shown in figure 5. The 
doubling time in the exponential phase was about 25 hours. Normally, 
R. iaponicum has a doubling time o f  16-18 hours. The increase in time 
may be due to variations in the air pressure through the aerator. A 
change in the air pressure effects the mixing o f  the culture, which can 
cause a slower growth rate. To make sure the culture was the 1 1 10 ARS 
strain, two types o f  YEM plates were streaked with the culture. One typ e 
o f  plate contained only YEM agar. a�d the other type contained YEM agar 
plus 100 µg/mL of the antibiotic streptomycin. 100 µg/mL of the antibiotic 
rifampicin, and 5 µg/mL o f  sodium azide. The 1 1 10 ARS strain is resis­
tant to streptomycin, rifampicin, and azide at the above concentrations. 
When the growth on these two types o f  plates was compared, it was found 
to be the same. The growth of contaminating bacteria would be inhibited 
only on the plates wi th the antibiotics and azide. Therefore, if some 
contaminating bacteria were present, more growth would have been seen on 
the regular YEM plates than o n  the plates containin� the antibiotics and 
azide. Since the amount o f  £rowth was the same o n  the plates, the culture 
contained only the 1 1 10 ARS strain. After harvesting, the 1110 ARS strain 
did not form a pellet, even after ultracentrifugation. The bacteria 
remained suspended in a viscous aqueous solution. Therefore, the wet 
weight o f  the bacteria could not be determined. 
The results from the analyses o f  the different polysaccharide frac­
tions o f  the 1 1 10 ARS strain are shown in Table I I .  All the fractions 
have the same sugar composition. With respect to the sugars present, 
all the fractions except the CPS-1 seem to be q uantitatively similar to 
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each other. The fatty acid analysis of the polysaccharide fractions 
shows that there are only small amounts of fatty acids. The fatty acid 
content of the fractions varies fr�m o.osi to 0.20% of the total mass. 
Even though the fatty acid content is very small, certain fatty acids 
�.re identifiable. About 36% of the total fatty acid content of the EPS 
is palmitic acid, 27% is stearic acid, and 37% is an unknown fatty acid. 
In the CPS-1 fraction 44% is palmitic acid, 33% is stearic acid, and 22% 
is an unknown fatty acid. The CPS-2 fraction ha� no detectable amounts 
of fatty acids, while the LPS fraction has a small amount of an unknown 
fatty acid. This is the. same unknown fatty acid that is found 
in the EPS fraction. The phenol layer contains 47% palmitic acid, 27% 
stearic acid, and 26% of an unknown fatty acid. All the unknown peaks 
were assumed to be fatty acids. This assumption has not yet been con-
firmed by mass spectrometry. 
The reduction of the uronic acids followed by acetylation produces 
the results in Table III. The comparison of the relative sugar compo-
sition before and after reduction shows that the uronic acid for all 
the fractions from the 1110 ARS strain is galacturonic acid. In each 
case there is an increase in the amount of galactose after reduction. 
The EPS and CPS-1 fractions were also applied �o the Sepharose 
48 column. A typical profile for an EPS or CPS-1 fraction is shown in 
figure 6. Basically, the profile shows one broad peak. This broadness 
indicates that there is some size heterogeneity in the polysaccharide. 
The I.PS fraction was analyzed to see if it was tyPical of other 
Gram-negative bacterial LPS including Rhizobium LPS. A typical LPS, 
f. 7 . f f . 20 igure , consists o our regions: 
1. A lipid A which consists of diglucosamine units. 
2. KDO (2-keto-3-deoxy-octonic acid) which links the lipid 
I 
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to the polysaccharide through a ketosidic bond. 
3. The core region which i s  a small molecular weight poly­
saccharide (500-1 , 000) 0f fairly constant composition 
within a species. 
4 .  The 0- antigen region which i s  a large molecular weight 
polysaccharide ( 7 , 600-16, 000) of hi ghly variable compo-
sition within a species. 
The ketosidic bond between the KDO and the lipid A i s  labile i n  mild acid ,  
therefore i t  i s  hydrolyzed by a 1% acetic acid solution. This hydrolysis 
releases the lipid from the polysaccharide. In the biosynthesis of a 
li popolvsaccharide, the core and the 0 - antigen regions are made di fferently. 
The core sugars are added one at a time to the KDO .  The 0 - antigen, how­
ever, i s  made up of a repeating unit which i s  synthesi zed on a lipid 
carrier molecule. When the correct number of repeating units have been 
added, the completed 0- antigen i s  attached to the core region. Because 
the 0- antigen i s  only added after i t  i s  complete, some of the LPS on the 
bacterial surface wi ll have only the core regi on, and others will have 
the core plus the 0 - antige� regions. Upon release of the polysaccharide 
from the lipid, two polysaccharides of different sizes should be found. 
These two polysaccharides have been i solated from many Rhizobium LPS as 
well as from other Gram negative bacteria. 4 In order to see i f  the R. 
iaponicum LPS fraction is similar to other Rhizobium LPS i t  was subjected 
to mild acid hydrolysis. The �ydrolyzed LPS fraction was appli ed to the 
Sephadex G-50 column to determine i f  the two sizes of polysacchari des were 
present. The profile from this column i s  shown i n  figure 8. There i s  
only one peak at the void volume. Since the G-50 column sizes for a 
molecular weight of 1 0 , 000 or less, this peak has a molecular weight 
greater than 10, 000. The polysaccharide was then applied to a Sepharose 
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48 column. This column sizes for a molecular weight o f  5 million or less. 
This profile is shown i n  figure 9. Only one broad peak elutes in the 
partially included volume. In order to see if the mild acid treatment 
has any effect on the polysaccharide, untreated LPS was applied to the 
same 48 column. The resulting profile is shown in figure 10. The un­
treated LPS gi ves the same elution profile as the treated material. The 
mild acid treatment appears to have no affect on the LPS fraction. In 
agreement with this result, there was no material in the chloroform 
layer after extracting the treated LPS fraction. The fatty acid analysis 
also shows that the percent of fatty acids is very low in the fraction, 
·only 0.05%. These results suggest that either there is no lipid present, 
or if it is there, it is i n  small amounts and not released by hydrolysis 
under the mild acid conditions. 
The phenol layer material from the 11 1 0  ARS strain was applied to 
the 48 column. The profile is shown in figure 11. · The phenol layer 
material has two polysaccharides o f  different sizes. One polysaccharide 
is at the voi d  volume, Phe-1, and the other i> at the included volume, 
Phe- 11 . The Phe-II polysaccharide is lo st upon dialysis; therefore, it 
also has a molecular weight of 12,000 or less. The analysis of the Phe- 1 
peak shows that i t  has the same composition as the original phenol 
layer (see Table II). 
The 61A76 str polysaccharides 
The 61A76 str strain had a growth curve similar to that of the 1110 
ARS strain with appro ximately the same doubling time. This culture was 
streaked on regular YEM plates and also on YEM plates which contained 
200 µg/mL o f  streptomycin. The 61A76 str strain is resistant to strepto­
mycin at the above concentration, therefore, it will grow o n  both tyPes o f  
., 
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plates. Since contaminating bacteria are susceptible to streptomycin, 
they will be unable to grow o n  the �ntibiotic plates. Both types o f  
plates contained the same amount o f  growth, therefore, the culture con-
tained o nly the 61A76 str strain. The bacterial weight was 8 . 5  grams 
from 12  liters o f  culture. 
The results from the analyses o f  the different polysaccharide frac­
tions o f  the 61A76 str strain are shown in Table IV. The sugars in these 
fr actions differ quantitatively from each other. The EPS has a larger 
amount o f  rhamnose than the other fractions. The CPS-1 fraction has some 
rhamnose, but the major sugars are mannose, galactose, and glucose. From 
its composition the CPS-1 fraction appears to be similar qualitatively to 
the CPS-1 fraction o f  the 1110 ARS strain. The water layer material is 
q uite different from both the EPS and the CPS- 1 fraction�. It contains 
mostly glucose and only a small amount o f  rhamnose, mannose, galactose, 
and uro nic acids. There is also an unknown sugar present in the water 
layer material which was identified by mass spectrometry as a pentose. 
The phenol layer polysaccharide does not contain the same sugars as the 
other fractio ns. The sugars present in the phenol layer material are 
fucose, mannose, glucose, and hexosamines. Galactose and uronic acid 
are not present. All the polysaccharide fractions in the 61A76 str strain 
have a higher amollnt of protein than the polysaccharide fractions from 
the IllO ARS strain. Further analysis ne�ds to be done on these proteins 
to characterize them. 
The fatty acid analysis of the polysaccharide fractions from 61A76 
str strain shows that the EPS, CPS- 1 ,  and the water layer material (SmPS), 
co ntain small amounts of myristic acid and stearic acid. The fatty acid 
content in these fractions varies from 0 . 05 %  to 0. 30% o f  the total mass. 
In the EPS, 1 1 %  of the total fatty aci d content is myristic acid, 2 1 %  is 
2 1  
stearic acid, and 68% consists o f  several unknown fatty acids. The CPS-1 
fraction contains 20% rnyristic acid, 49% stearic acid and 60% an unknown 
fatty acid. This unknown fatty acid is the same as the major unknown 
fatty acid found in the EPS. In the water layer material, 5% of the total 
fatty acid content is rnyristic acid, 16% is stearic acid, and 79% consists 
of several unknown fatty acids. All of the5e ur.known �atty acids are ones 
found in the EPS. The relative amount of each of these unknown fatty acids 
is approximately the same in the EPS and the water layer material. The 
fatty acid content of the phenol fraction was about 5% of the total mass. 
Of the total fatty acid content in the phenol layer material, 12%  is pal­
mitic acid, 7% is stearic acid, and 8 1 %  consists of two unknown fatty 
acids. Neither of these two unknown fatty acids are found in the other 
fractions. As with the 1110 ARS strain, these unknown peaks were assumed 
to be fatty acids, however, that has not yet been confirmed bv mass spec­
trometry. 
A comparison of t.he relative sugar composition of the polysaccharide 
fractions before and after reduction are given in Table V. An increase in 
both glucose and galactose is observed for the EPS and an increase in 
galactose is observed for the CPS- 1 .  These results suggest that both 
glucuronic acid and galacturonic acid are present in the EPS, while the 
CPS-1 contains only galacturonic acid. 
The phenol laye� material from the 61A76 str strain produces the 48  
column profile shown in figure 12.  As with the phenol layer material from 
the 1 1 1 0  ARS strain, there are two peaks: one at the void volume, Phe-1 ,  
and one at the included volume, Phe- 1 1 .  The polysaccharide in the Phe-II 
peak dialyzes out of the tubing; therefore, it also has a molecular weight 
of 12,000 or less. Before the phenol layer material was applied to the 48 
column, it was dissolved and centrifuged. The pellet contained an ap-
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preciable amount of hexose, and therefore, it was analyzed along with 
the other polysaccharide fractions. Both the Phe-I and the pellet have 
I 
the same composition as the original phenol layer material. All the 
phenol fractions contain very high amounts, 50-60%, of protein. On the 
48 column, the EPS and CPS-1 fractions produce similar profiles to that 
of the 1110 ARS strain. They show one type of polysaccharide which is 
heterogeneous in size. The analyses done on the polysaccharide fractions 
from the 61A76 str strain suggest that there are at least three different 
polysaccharides on the bacterial surface. These are the EPS, CPS-1, and 
the water layer material (SmPS) . 
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II. Results from the isolation of the EPS binding protein. 
' Bovine serum albumin (BSA) and soybean lectin were applied to the 
EPS- acrylarnide affinity column. The amount of fluorescence applied to 
the column and the amount eluted is shown in Table VI. For the negative 
control, BSA, the same amount of fluorescence eluted as was applied to 
the column. This result is expected since BSA should not bind to the 
2 1  EPS. It is known that soybean lectin binds the EPS; therefore, it was 
used as a positive control. The soybean lectin shows a 15% decrease in 
fluorescence after the column. The different protein fractions isolated 
from the soybean root were also applied to the column. The results are 
in Table VI. The soluble cellular proteins show no binding to the EPS 
affinity column. The membrane and saline wash proteins both show a 
decrease in fluorescence of 9% after the column. Attempts to release 
the bound material were ineffective. First, 0.2 M galactose was used 
as a hapten. J.t is known that the addition of galactose to the soybean 
2 1  root inhibits the binding of the EPS. By adding galactose, it was 
thought that the protein which bound the EPS would be released by its 
binding to the galactose. However, galactose did not release the protein 
from the column. Other methods were employed in an attempt to release 
the protein. These methods included 1 M NaCl solution to disrupt an 
ionic interaction between the protein and the EPS, and 0 . 1  M EDTA in 0.02 
M Na2Po4 in case the binding involved a metal chelating agent. Both of 
these methods were ineffective in releasing the bound protein. Further· 
work is in progress to isolate the soybean root protein which interacts 
with the R. japonicum EPS. 
I 
DISCUSSION 
I .  Surface polysaccharides of Rhizobium japonicum strains IllO ARS 
and 61A76 str. 
The different polysaccharide fractions from the IllO ARS strain 
appear to be quite similar. Since the composition percentages are 
accurate to about ±5%, all the oolysaccharide fractions can be considered 
to be the same, except possibly the CPS- 1 fraction. This fraction con-
tains less galactose than the other fractions. The mass spectrometry 
data from the IllO ARS strain polysaccharide fractions i ndicates the 
presence of a 4-0-methyl- galactose in the gal actose peak. The 4-0-rnethyl­
gal actose has been reported in the EPS from R. j aponicum strain IllO ARS. 3 
Gal actose and 4-0-methyl-gal actose have retention times which differ only 
sli ghtly from each other, and therefore, are difficult to resolve using 
gas chromatography. 3 The resul ts from the mass spectrometry indicate the 
presence of the 4-0-methyl-gal actose in all the polysaccharide fractions 
of the IllO ARS strain. These results suggest that there may be only one 
type of polysaccharide on the surface of R. j aponicum strain 1 1 1 0  ARS. 
The results from the 61A76 str strain indicate that at least three 
different polysaccharides exist on the bacterial surface. Even though 
the EPS and CPS-1 fractions are qualitatively alike, they differ quanti-
tatively. There is a large difference in the amount of rhamnose, galactose, 
and glucose between these fracti ons. The EPS contains 24% rhamnose, 7 %  
galactose, and 1 2 %  glucose, while the CPS-1 contains 7% rhamnose, 24% 
galactose, and 28% glucose. The water layer material from the phenol water 
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extraction contains the same sugars as the EPS and CPS- 1 fractions, how-
ever, it differs quantitatively from both. The pentose found in the water 
layer material is most likely ribose, which comes from some RNA that was 
not complet�ly removed by the nuclease treatment. If the amount of ribose 
is ignored, the polysaccharide has a relative sugar composition of about 
76% glucose. Theref�re, this polysaccharide is most likely a glucan. A 
small molecular weight 8-2- linked glucan has been reported for other 
. 22 23 Rhizobium species. • Due to the high percentage of glucose and the 
fact that it dialyzes out of the dialysis tubing, indicating a small 
molecular weight, the water layer material is most likely the 2-linked 
glucan. Further analysis is in progress to determine if this polysac-
charide is the 8-2- linked glucan. 
The cc mposition of the phenol layer material, Phe-1 and phenol pel-
let, is entirely different from the other p olysaccharide fractions of the 
61A76 str strain. These fractions contain fucose instead of rhamnose, 
little or no galactosc, and a large amount of hexosamines, proteins, and 
fatty acids. Polysaccharides found in the phenol layer may come from 
inside the cell. They may b e  attached to proteins or lipids. The proteins 
in this fraction may be glycoproteins or lipids. The proteins in this 
fraction may be glycoproteins which would explain the small amount of · 
sugars present. The phenol layer material normally i s  not analyzed; how-
ever, in both strains a small amount of KDO is found in the phenol fractions. 
Since KDO is characteristic of an LPS, the phenol layer was analyzed for 
polysaccharides. However, t�e analysis of the phenol layer material 
suggests that there is not a typic al LPS present. The amount of KDO is 
very low and we do not obtain a typic al LPS fraction from the 48 colwnn. 
A comparison of the polysacch�rides from the 11 10 ARS and 61A76 str 
strains, shows that there is little similarity between these strains. 
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The 61A76 str strain EPS fraction contains a sugar, namely rharnnose, which 
is not found in the 1 1 10 ARS strain . These results verify other data 
� 
which shows that the 61A76 str and the 1 1 10 ARS strains are. not closely 
related. 24 There is a lack of immuno-crossreactivity and a lack of DNA 
homolgy between these two strains. The lack of immuno-crossreactivity 
means that antiserum made against one of the strains will not agglutinate 
the other strain. Antibodies are synthesized against specific structures, 
antigens, on the surface of the bacteria. I f  these strains have simil�r 
surfaces, antibodies made against one strain would bind to the similar 
structure on the surface of the other strain . Since this binding does 
not occur, it was thought that the bacterial surfaces of these two strains 
are different. Anqthe r way to see how close l y  related two bacterial 
strains are is by comparing their DNA. Two strains will have many simi-
lar genes if they are closely related. Therefore, in similar strains, 
the DNA from one strain will hybridize to a large degree with the DNA 
from the other strain. 25 Research done by Hollis, Kloos, and Elkan shows 
that a reassociation of 26% is found at 65°C for R. japonicum strain 1 1 10 
ARS with strain 61A76 str. Upon heating to 80 °C only 7% of the hybridized 
DNA remains associ n tc<l. Of the DNA which reassociates at 65°C, only 
7% is stable at 80°C. Therefore , most of the pairing in the hybridized 
DNA is weak. Because of this lack of reassociation and thermal stability, 
the DNA from the 1 1 10 ARS and 61A76 str strains have few DNA sequences 
25 in common. 
Comparing t he composition of the fractions from the 1110 ARS and 
61A76 str strains suggests that there is one similarity, the CPS- 1 frac-
tions. Even though they differ quantitatively, the CPS-1 fractions from 
both strains are qualitatively the same, except for a small amount of 
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rhamnose on the CPS-1 fraction from the 61A76 str strain. It is likely 
that the rhamnose in the CPS-1 fraction of the 61A76 str strain is due 
to a small amount of EPS which is contaminating the fraction. If the 
capsules from these strains are the same or at least similar in structure, 
this would support the idea that the CPS is responsible for the specifi-
city of the R. j aponicum-soybean symbiosis. Here are two strains of R .  
i aponicum which are not closely related, but do possess a simil ar capsule. 
The simil arity in c apsules could explain why both o f  these strains are 
able to infect soybean plants, even though their surfaces are different. 
Before definite conclusions can be drawn, however, the linkages in the 
capsules need to be determined. By doing a methylat� o n  of the polysac-
charides followed by an acetylation, the l inkages can be determined. 
I dentical l inkages would suggest that these CPS-1 fractions have identi-
cal structures. It is also possible that the entire capsules are not the 
same, however there may be c ertain structures in the polysaccharides 
which are the same. Until a compl ete structure is known, no definite 
concl usions can be made about the similarity o f  the CPS-1 fractions. 
Usu�lly, Gram-negative bacteria possess an LPS. The presence of an 
LPS is what differentiates Gram-negative from Gram-positive bacteria. 
The results from the 1 1 1 0  ARS and 61A76 str strains of R .  j aponicum 
suggest that an LPS may not exist for R. j aponicum; or if it does exist, 
it j s  atypical.  The amount of KOO in these polysaccharide fractions is 
very low. Normally, KDO makes up abo ut 3-5% of the LPS from Rhizobium 
and other Gram-negative bacteria. 4 The largest amount of KDO found in 
.!!· japonicum is 0.2% of the mass. The IllO ARS strain has a polysaccha-
4 ride that elutes from the 48 column where an LPS normally elutes. How-
ever this fraction is not affected by mild acid hydrolysis, whereas in 
a normal LPS the lipid A is hydrolyzed from the polysaccharide. The 
, 
28 
61A76 str strain does not have an LPS fraction . The only peak fron the 
48 col umn is a small polysaccharide which consists mostly of glucose. 
In addition some of the polysaccharide fractions of the R. j aponicum 
strains IllO ARS and 61A76 str contain smal l  amounts of fatty acids which 
are commonly found in the lipid of an LPS. Palmitic acid, stearic acid, 
and myristic acid are found in small  amounts in the polysaccharide frac­
tions. These fatty acids are commonly found in the lipid of an LPs. 26 
Hydroxy fatty acids are also common in an LPS which may account for some 
of the unknown peaks which we observed. Therefore, if an LPS exists it 
is in small amounts or it has a very different structure than a normal 
LPS. From these results it appears as though both of these strains of 
R. japonicum either possess an atypical LPS or none at all. 
There are reports of other Gram-negative bacteria which possess an 
atypical LPS. Reports by Wang and Hill27  on a cyanobacterium, Anabaena 
flos-aquae, indicate that only a polysaccharide devoid of any lipid can 
be isolated from the phenol-water extraction . Other species of the 
Anabaena genus do possess a normal LPS. 28 A report by Weckesser et al 
shows that Anabaena variabil is possesses an LPS which upon hydrolysis 
produces fatty acids which make up about 1 1 %  o f  the dry weight of the 
LPS. Even though th ese bacteria are from the same genus, Anabaena, their 
LPS are very different. This may also be the case with Rhizobium. Typi­
cal LPS have been reported for several strains of R.  trifolii,29 R .  
1 . 30 d R h i ·  30 egum1nosarum, an 
_
. p aseo 1 .  However, R .  i aponicum appears not 
to have a normal LPS. Th erefore, if the LPS is involved in determining 
symbiotic infection of one species of Rhizobium, that does not mean that 
the involvement of the LPS is app l icable to a l l  species of Rhizobium. 
In summary, the polysaccharides on the surface of �· japonicum appear 
to be different from other Gram-negative bacteria. R. japonicum appears 
29 
to have either an atypical LPS or none at all. Of the two strains in­
vestigated, one has no LPS fraction, and the other has an LPS fraction 
which contains very little KDO and i s  not affected by mild aci d  t reat­
ment. This is unlike other Gram7negative bacteria ,  including Rhizobium. 
However, a similarity is seen between the c apsules o f  the two strains. 
The surfaces o f  these strains have little in common except their CPS-1 
fractions. The CPS-I fractions may not be identical to each other but 
they may have a structure i n  common. This common structure i n  the CPS 
could explain why each of these strains is abl e  to i nfect soybean plants. 
Further work is i n  progress to identi fy the sugar l inkages in these CPS-1 
fractions. Until this work is done, no definite conclusions can be made 
concerning any similarities in structure or i n  the specifi city o f  the j n­
fection, with regard to the CPS-1 fractions. 
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II. Isol ation of root surface molecules in soybeans which are responsible 
for the binding o f  EPS from Rhizobium j aponicwn strain IllO ARS. 
The results in Table VI sugeest that the init ial attachment o f  the 
EPS may involve the protein fractions from the root surface . Specifi� 
cally, these proteins are the ones wa�hed off the surface of the root and 
the ones found in the membranes. Each of these protein fractions show 
about a 9% decrease in fl uorescence after the column. This is not a 
large amount of binding; however, the proteins which are responsible for 
the binding may be present in small amounts. There is a question . how-
ever, as to the significance of this binding. The positive control, 
soybean lectin, shows a binding of only 15%. This i s  not much binding 
for a positive control .  Another problem with the results is that once 
the protein binds to the column, it cannot be removed. The protein can-
not be analyzed or characterized, and therefore no comparison can be made 
between i t  an<l the soybean lectin. Since soybean lectin i s  known to 
bind the EPS, the proteins on the root responsible for the binding may 
be the same or similar to soybean lectin. However, another control needs 
to be appl ied to the co lumn to see if the binding is significant or not. 
The surface proteins from non-host legumes such as peas or clover , need 
to be applied to the column. If these protein fractions show about the 
same amount of binding , then the decrease in fluorescence is most likely 
from a non-speci fi c  interaction. If the protein fractions from the non-
host legume plants show no binding, then the results from the soybean 
fractions may be si gnificant. All cf these results are very preliminary, 
an<l more research needs to be done before anything can be concluded about 
the EPS binding protein from the surface of t he soybean root. 
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Table I. Yields of the different polysaccharide frictions from R .  
japonicum strains ! 1 10 ARS and 61A76 str. 
J 
'EPS CPS-1 CPS-2 LPS SmPS Phe 
! 1 10 ARS 2 ,032 136 19  196 0 61 
61A76 str 1 ,420 155 0 0 75 160 
1values are in mg/12 liters of culture . 
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Table II. Composition of polysaccharide fractions from R. japonicum 
strain 1 1 10 ARS1 
EPS CPS-1 CPS-2 LPS Phe 
mannose 19% 1 1% 25% 20% 19% 
galactose 16% 8% 20% 14% 19% 
glucose 39% 29% 409ci 30% 39\ 
uronic 
acid 24% 22% 19% 16% 21% 
KOO 0 . 02% 0 . 02% 0 0 . 02% 0 .02% 
hexosamine 0 .25% 1% 0 0 3% 
protein 16% 6% 2% 4% 4% 
fatty 
acids 0. 10% 0 .07% 0 0 . 05% 0 . 2% 
1 values in percent total weight . 
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Table I II. The relative amounts of glucose, galactose, and mannose in 
" 
the different polysaccharide fractions of R. japonic'F.121 1 1 0  ARS, before and after reduction o f  the uronic acids. ' 
EPS CPS-1 CPS-2 LPS 
mannose 26% ( 19) 23%(22) 30% (26) 31% (24) 
galactose 22% (34) 17% (39) 23% (31) 22%(35) 
glucose 52%(47) 60%(39) 47% (43) 47% (41) 
glucose/ 
mannose 1 . 9 (2 . 1 )  2 . 3 ( 1 .6)  1 . 9 ( 1 .  7) 1 . 8 ( 1 . 5) 
galactose/ 
mannose 0 . 8 ( 1 .6) 0 . 8 (1 .6) 0 . 8 ( 1 . 2 )  0 . 8 ( 1 .3) 
1 values after reduction are in parentheses. 
2a l l  values are given as relative percentages . 
Phe 
24% (19) 
25%(34) 
51% (4 7) 
2 . 0 (2 .2) 
1 . 1  ( 1 .  7) 
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Table IV. Composition �f polysaccharide fractions from R.  jaEonicum 
strain 61A76 
., 
EPS CPS-1 Sm PS Phe 
rhamnose 24% 7% 2 %  0 
fucose 0% 0% 0% 5% 
ribose 0% 0% 6% 0% 
mannose 13% 14% 2%  3%  
galactose 7 %  2 1 %  1 %  0 
glucose 12% 28% 23% 4% 
uronic 
acids 10% 8%  2%  0 
KDO 0 . 03% 0 . 1 1 %  0 . 10% 0.06% 
hexosamine 0% 0 0 7% 
protein 35% 39% 7% 5 1 %  
fatty 
acids 0 . 20% 0 . 05% 0 . 30% 5% 
1 values in percent total weight . 
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Table V. The relative amounts of the major sugars in the different 
polysaccharide fractions of R. japonicum1s2rain 61A76 before and after reduction of the uronic acids . ' 
EPS CPS-1 
rhamnose 43% (20%) 10% (7%) 
mannose 23% (17%) 20% ( 18%) 
galactosc 12% (27%) 30% (36%) 
glucose 22% (36%) 40% (39%) 
glucose/mannose 0 . 8  ( 1 .  8) 2 . 0  (2 . 1 )  
galactose/mannose 0 . 5  ( 1 . 4 )  1 . 5  (2 . 2) 
rhamnose/mannose 2 . 0  ( 1 .  3) 0 . 7  (O .4) 
1 values after reductior are in parentheses . 
2al l values are given as relative percentage s .  
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Table VI . 
! 
Percent binding of EPS from R. japonicum strain 1 1 10 ARS by 
different protein fractions. 
,/ 
appli
ed1 1 
percent 
Protein eluted bound 
soybean lectin 747 635 15% 
BSA 688 689 0 
saline wash 2363 2164 9% 
soluble cel lular 1838 1841 0 
membrane 875 791 9% 
1 numbers given are in units of fluorescence.  
BACTERIAL CULTURE I 
PURIFICATION OF RHIZOBIUM SURFACE 
POLYSACCHARIDES. 
BACTERif PELLET 
WASH IN SALINE AND 
CENTRIFUGE 
� 
BACTERIA PELLET 
l 
HOT PHENOL/WATER 
EXTRACTION AND 
CENTRIFUGE. 
DIALYZE AND FREEZE-DRY TREAT WATER LAYER 
l WITH NUCLEASE ENZYMES 
GEL-FILTRATION ON 
SEPHAROSE 4B IN EDTA/TEA 
PHENOL LAYER 
Phe 
BUfFER.:s 
•un rnrr.- nnu i lkhl 04P h,R PHFP•• kkfi I 
VOID VOLUME. PARTIALLY INCLUDED VOLUME . INCLUDED VOLUME . 
CPS2 FRACTION . F T . mPS FRACT ION. 
ND 
FREEZE-DRY PELLE 
EPS FRACTION . 
Figure 1 .  The isolation scheme of the different surface polysaccharides from Rhizobium japonicum 
strains 1110 ARS and 61A76 str . 
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ROOTS ARE - HOMOGENIZED IN  
T R I S  BUFFER AND CENTRI ­
FUGED . 
ROOT-TIPS FROM NEWLY 
SPROUTED SOYBEANS. 
! 
SOAKED IN SALINE FOR 2 
HOURS AND CENTRIFUGED. 
PELLET �SUPERNATANT I S  
DISCARDED ULTRACEHTRlFUGEO .  
SUPERNATANT IS  S�MEMBRANE PELLET I S  SONI CATEO 
WITH Alfo10NIUM SULFATE I N TRITON X-100 AND ULTRA-
AND CENTRIFUGED. CENTRIFUGED. 
ELLET IS DIALYZED 
ANO FREEZE-DRIED. 
SOLUBLE PROTEIN FRACTION . 
SUPERNATANT IS  DIALYZED AND 
FREEZE-DRIED. 
MEMBRANE PROTEIN FRACTION . 
SUPERNATANT I S  SATU�ATED 
WITH AMMONIUM SULFATE AND 
CENTRI FUGED .  
l 
PELLET I� DIALYZED ANO 
FREEZE - f)RIEO. 
SURFACE PROTE IN  FRACTION . 
Figure 2 .  A flow-diagram showing the preparation procedure for the various root prote i n  fractions. 
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Figure 3 .  The profile of the water layer material from R. japonicum 
strain 1110 ARS on a Sepharose 4B colwnn. 
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Figure 4 .  The profi le o f  the water layer material from R .  japonicum 
strain 6 1A76 str on a Sepharose 4B column. 
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Figure 5 .  Growth curve for Rhizobium j aponicum strain 1 1 1 0  ARS. 
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Figure 6. A typical profile of an EPS or CPS-1 fraction from R. japonicum 
on a Sepharose 48 column. 
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Figure 7 .  The structure o f  a typical Lipopolysaccharide (LPS) . 
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Figure 8 .  The profile of the hydrolyzed LPS fraction from R.  japonicum 
strain 1 1 10 ARS on a Sephadex G-50 gel filtration column. 
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Figure 9 .  The profile of the hydrolyzed LPS fraction from R .  japonicum 
strain 1 1 10 ARS on a Sepharose 48 colunm. 
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Figure 1 0 .  The profile o f  intact (unhydrolyzed) LPS from R .  japonicum 
strain ! 1 1 0  ARS on a Sepharose 48 column. 
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Figure 1 1 .  The profile of the phenol layer material from R.  japonicum 
strain 1 11 0  ARS on a Sepharose 4B column. 
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Figure 12.  The profile of the phenol l ayer material from R. japonicum 
strain 61A76 str on a Sepharose 48 column. 
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